Our purpose was to evaluate the efficacy of stereotactic radiotherapy (SRT) for intracranial and extracranial metastases in patients with renal cell carcinoma. The retrospective analysis of 85 patients (151 tumors) treated with SRT was performed. SRT was the sole treatment in 35% of tumors, the other 65% had received additional treatment such as surgery, palliative radiotherapy, immunotherapy or chemotherapy. In 60% and 40% of patients SRT was delivered to brain and extracranial lesions, respectively. The assessment of the efficacy of SRT was based on a radiological imaging (Computed Tomography or Magnetic Resonance Imaging) and estimation of Local Control (LC) as well as Overall Survival (OS). Single fraction was used for 104 tumors and fractionated treatment for 47 tumors. The crude LC for evaluable lesions was 81%, stratified by tumor location: brain LC=94%, extracranial tumors LC=70% (p=0.049). The median OS was 9.4 months; 1-year and 2-year OS were 40% and 29%, respectively. The additional treatment did not lead to a better local response (p=0,543), but resulted in a benefit in OS (7 vs 13 months, p=0,01). A positive relationship between the biologically effective dose (BED) and local response was noted, but the BED was influenced by a tumor volume (R=-0,38; p<0,00001). The presence of multi-organ metastases reduced the OS rate (8.7 vs 19.1 months; p=0,01). The interval between the diagnosis of the metastasis and its treatment with SRT was inversely related to OS (P=0.0001). SRT results in a good local response, which is more beneficial for brain than extracranial lesions. The local efficacy of the SRT depends on the radiation dose. Multidisciplinary treatment and earlier application of SRT improves the prognosis of patients.
The most common locations of distant metastases in patients with renal cell carcinoma are lungs, brain, bones, liver and adrenal glands [1] . In case of a limited number of lesions, local therapies, especially very precise and non-invasive ones may be used additionally to conventional systemic or palliative treatment [2] . Stereotactic radiosurgery or stereotactic radiotherapy (SRS or SRT) are such a local treatment modalities, which allows for high dose irradiation of a very precisely defined area, leaving surrounding tissues intact. Such high dose of radiation is given in one or few fractions. SRS/SRT was mainly used for brain metastases, but it can be also performed for extracranial lesions [3] [4] [5] .
Although renal cell carcinoma (RCC) is considered rather as a non-radiosensitive tumor, some benefit of postnephrectomy conventionally fractionated radiotherapy (RT) was reported [6] . However, the administration of high doses of radiation in one or few fractions causes quite different molecular effect and seems to overcome the radioresistance [7] . In a clinical practice, SRT is associated with a relatively good prognosis as compared to the prognosis of patients receiving only palliative treatment [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . The role of SRT in case of "radioresistant" tumors as compared to the surgery is a matter of debate. The randomized trials are unfortunately lacking. From a practical point of view the non-invasive SRT may be potentially more convenient and attractive for patients, of course if it yields satisfactory local control. It may be also a reasonable non-invasive option for patients with disseminated disease. Quite often so called "radioresistant" tumors like RCC, melanoma and sarcoma are grouped together, but their behavior is not exactly the same. So, the important issue is to analyze them separately. There is also a necessity to define a role of potential factors which may influence the efficacy of SRT separately for various histological types of tumors.
The study was planned to evaluate the applicability and efficacy of that method in a population of patients with RCC. The emphasis was put on the assessment of factors potentially influencing the results, especially those treatment-related, which may have a practical utility.
Patients and methods
A retrospective analysis of 85 patients with RCC who underwent stereotactic radiotherapy (SRT) between 2008-2012 was performed. The total number of tumors was 151 (148metastases to solid organs, 3-local recurrences). All patients had histopathological diagnosis of RCC and previous radical nephrectomy was performed in all cases.
The mean age of all patients was 61 years (33-89 years). In this study group, 75% (n=64) were male and 25% (n=21) female. Disease progression after previous nephrectomy oc-curred after 34 months, on the average. The mean time since the disease progression to the stereotactic radiotherapy was 10.3 months. The clinical features, frequency, distribution and locations of all metastases being treated with SRT are shown in Table 1 .
The mean number of lesions treated with SRT per patient was 1.8. In 74% (n=63) patients, despite of the lesions in the organ treated with SRT, a progression of the disease occurred in other organs. The remaining 26% (n=22) of patients presented tumors located only in one organ.
SRT was the exclusive form of a treatment in 35% (n=53) of all tumors, while the other 65% (n=98) of tumors received additional form of treatment such as surgery, palliative radiotherapy, immunotherapy or chemotherapy (Table 1 ).
If the surgical metastatectomy was used it usually (91%) preceded SRT. The SRT was performed then in case of local recurrence. Systemic treatment was also generally used before referral of patients to SRT (81%).
SRT was performed with a linear accelerator. Multiple beams techniques were used, and the radiation dose was 
The number of lesions being treated in one patient
The type of an additional treatment
15% (n=22) 12% (n=10) *-Grading was performer according to Fuhrman Nuclear Grade **-Performance status: ECOG 0: Fully active, ECOG 1: ambulatory and able to carry out light or sedentary work, ECOG 2: ambulatory but not able to carry out work, ECOG 3: capable of only limited self-care specified at the isocenter. BrainLab system was used for brain metastases and ExactTrack or Real-time Position Mangement Respiratory Gating for extracranial tumors. The most common irradiation schedules used for stereotactic radiotherapy were: 8-14 Gy/1 fx; 15-20 Gy/1 fx; 21-24 Gy/2 fx; 36-60 Gy/3 fx ( Table 2 ). The mean tumor volume was 9.3 cm 3 . For brain metastases the tumor volume was on average 5.7 ± 8.4 cm 3 , for lungs 11.7 ± 16.3 cm 3 , and for liver 26.1 ± 25.8 cm 3 .
The planning treatment volume (PTV) was specified by adding approximately 5-10 mm around the tumor.
Methods and statistical analysis. The efficacy of the SRT was assessed with a radiological imaging performed before and after the treatment. A total of 49% (n=74) of the lesions were evaluated post-treatment with a radiological imaging (Computed Tomography-CT, Magnetic Resonance Imaging-MRI). The rest of the patients did not have any imaging for assessing the treatment effect. This was due to the follow-up in the other health facilities or because of a systemic progression of the disease with a deterioration a general status and referring a patient to the symptomatic palliative care.
The pre-treatment tumor volume was calculated on CT/ MRI images used for radiotherapy planning with standard software tools. The local response to SRT was evaluated using the RECIST criteria comparing follow-up CT/MRI images to the pre-treatment ones. Complete remission (CR) have been scored in case of a disappearance of the tumor. Partial remission (PR) is a reduction of a sum of two largest dimensions of a tumor by ≥30%. Progressive disease (PD) is an increase in a sum of two largest dimensions of the tumor by ≥ 20%. A stable disease (SD) is considered when the change in the sum of the largest dimensions does not fulfil the criteria for PR and PD. The crude Local Control (LC) was calculated as a sum of complete, partial remission and stable disease.
The mean time from the SRT to the follow-up radiological assessment was 7.6 ± 7.1 months. After over a year since the SRT (an average of 13.5 months) 44 metastases were evaluated with subsequent radiological imaging. If the surgery of the metastasis was performed after SRT such cases were defined as a progression.
Overall Survival (OS) was calculated using the Kaplan-Meier estimator, and the results were compared using the log-rank test. Censored observations were in alive patients at the date of last examination or information on patients' status. A frailty model which is a Cox's proportional hazards model incorporating random effects was applied in the statistical analysis of factors related to OS [19] .
Local responses between the groups of patients were compared using non-parametric tests. A correlation was calculated with a non-parametric Spearman's coefficient. Because of different radiation schedules, they were recalculated using biologically effective dose (BED) formula [BED= Total dose (1 + dose per fraction/α/β)], assuming α/β-5. The results were considered as statistical significant for p<0,05. All analyzes except for Cox model were performer using software STATIS-TICA 10.0 Statsoft.
Results
Local control (LC). In 47% (n=35) of all evaluated tumors (n=74) a local regression was observed. In 34% (n=25) the effect was assessed as stable disease, and in 19% (n=14) local progression was recorded. The crude LC rate for all evaluated lesions was 81%. About 80% of tumors achieving LC at first radiological assessment remained without evidence of progression, on the second imaging (after an average of 13,5 months after SRT). In the remaining 20% local progression appeared. Thus, after 13.5 months the crude LC rate was 65%. The recurrences outside the stereotactically irradiated volume but in the treated organ occurred in 29% of evaluable patients (26%-cranial SRT patients, 32% extracranial SRT patients).
The LC rate stratified by a tumor location was: for brain LC=94%, and for extracranial location LC=70% ( Table 3 ). The differences between cranial and extracranial tumor location were statistically significant (p=0.049).
Any additional treatment of metastases with other modalities did not lead to a statistically better local response to subsequent stereotactic radiotherapy (p=0.543). A detailed comparison of the exclusive SRT and SRT combined with palliative conventional RT did not reveal any significant role neither for cranial nor for extracranial tumors ( Table 3 ). The histopathological grading did not have a significant role (p=0.13). Also the influence of the tumor volume on the effect of SRT was not significant (p=0.32). A positive relationship between the BED (BED α/β=5) and local response was noted. For patients with a progressive disease a mean BED was 78 Gy, for patients with stable disease-89 Gy, for patients with partial remission-103 Gy and for those with complete remission it was 158 Gy (p=0.02). However, there was a correlation between the BED and the tumor volume, which might influence the results (Spearman's R= -0.38; p<0.00001). The BED cut-off point of 100 Gy did not differentiate between patients with a better and worse local outcome. But, if the BED of 120 Gy was selected as a cut-off point the differences in the local treatment effect became significant ( Table 3) .
The example of tumor regression in a lung after SRT is shown in Figure 1a and 1b.
Overall survival (OS). The median follow-up was 30 months. The observation lasted until the death or the last contact with the patient. Information about the patients was also obtained from the registries. During the follow-up 75% (n=63) of the patients had died. The median OS from the time of SRT treatment was 9.4 months. The percentages of OS after 6, 12, 24, 36 months were 66%, 40%, 29%, 20% respectively ( Figure 2 ).
There was a statistically significant difference in OS after SRT according to whether the SRT has been used alone or with any other additional treatment (p=0.01). The median OS for patients being treated exclusively with SRT was 7 months, while it was 13 months for patients being treated with additional modalities. Coming into details, no beneficial effect of conventional palliative radiotherapy added to SRT was observed in the whole group (p=0.39). When analyzed separately additional RT was not important for extracranial SRT (p=0.75). Although whole-brain radiotherapy (WBRT) was not important for cranial SRT either, it revealed some statistical trend (p=0.075, Figure 3 ).
Figure 2. Overall Survival in a whole patients' group
In a multivariate analysis, the important factors with respect to overall survival were patients' general condition (ECOG) and age, which might be expected, and the BED. However, we found also an important role of the time from diagnosis of metastasis to its treatment with the SRT (HR=0.93; p=0.000). Following the Weibull's regression, the predictions of survivals as a function of the interval since the diagnosis of progression (metastases) to its treatment with SRT are presented in Figure 4a and Figure 4b , for cranial and extracranial SRT, respectively.
Discussion
The LC rate for RCC's brain metastases after SRT usually exceeds 80% [8] [9] [10] [11] [12] , and the main cause of deaths is systemic progression, rather than a recurrence in the brain. The studies comparing directly SRT to neurosurgery for RCC are lacking. But, some studies focusing on tumors of a various histopathological origin suggest a comparable treatment outcome [20] . This indicates SRT to be a valuable option in patients with brain metastases, maybe also for those with "radioresistant" tumors.
In case of RCC brain metastases the results obtained using SRT may be relatively good. For example, in the study of Kim et al. [10] , the median progression-free survival was especially encouraging in a good-response group which consisted of patients, who had received local regression of the tumor (29 months). A tumor regression was observed in 68.2%, stable disease in 16.5% and progression in 15.3%, with a median OS of 10 months in a whole group.
The ECOG phase II trial in 31 patients with brain metastases from RCC, melanoma or sarcoma treated with sole SRS/ SRT [12] revealed local recurrence in 19% and 32% after 3 and 6 months, respectively, but the recurrences outside the irradiated area were 16% and 32%. The median OS was 8.3 months. These results may justify the irradiation of the whole brain (WBRT) in "radioresistant" tumors. The percentage of patients with recurrences outside the irradiated volume in a present study (26%) was similar to the above and others observation [9, 12] But on the other hand the question is whether such non-radioresponsive tumors do benefit from conventional WBRT?
The application of SRT as the sole method, or in combination with other treatments has also become an important issue in many studies on RCC [8, 14, 21, 22] , but no firm conclusions may be drawn presently. With regard to other common histopathological types of brain metastases it is believed, at present, that the survival times for patients treated with SRT+WBRT and SRT alone do not differ significantly. But, the WBRT may result in worse quality of life, however a better in-brain local control can be expected [3, 23] . For RCC it seems that WBRT does not improve the treatment outcome either and it may be generally omitted [9] . Although our study also did not confirm the beneficial effect of this combination for subgroup with RCC brain metastases we observed some statistical trend (p=0.075). However, our study was retrospective and the compared subgroups were small, so the results should be interpreted with caution. We found that any combined treatment in the whole group of cranial and extracranial lesions 
. (A) A model of survival since SRT as a function of interval between the diagnosis of metastasis and its treatment with SRT (cranial metastases). (B) A model of survival since SRT as a function of interval between the diagnosis of metastasis (recurrence) and its treatment with SRT (extracranial metastases)
(systemic therapy, RT or surgery) with SRT yielded a better outcome in terms of OS (7 months vs 13 months) but not in terms of LC. This seems logical, taking into account the possibility of extending the time to disease progression especially after the use of a systemic treatment. On the other hand, the preselection could also have an important role. Those patients in a better general condition and with a better response to any treatment could be proposed another treatment option. Therefore, in our opinion any firm conclusions on that issue would be possible when based on a randomized trial
The LC for brain tumors in a present study was good (94%) with regression rate of 59% of the lesions and median OS of 8.5 months. That may indicate the SRT may be a "reasonable" alternative to surgery, especially in those tumors in which an adequately high biological effective dose may be given, as derived from own analysis. However, it should be stated that unlike the classical neurosurgical removal of the tumor, the local control in a SRT means no tumor progression with possibility of leaving it in a stable form. Unfortunately, in a majority of patients (85%) with brain metastases they were not isolated or were associated with dissemination to other organs. So, possibly such patients may not be candidates for invasive neurosurgery and SRT could be a good option.
Unlike the above, the results on extracranial SRT were not so encouraging with LC of 70%. The data in the literature on SRS/SRT for extracranial metastases reveal more or less similar results to those obtained for brain metastases. The average LC rate exceeds quite often 80% [13, 15, 16, 17, 18] . The local response for extracranial metastases mostly depends on the total dose and schedule of irradiation [15, 18] . In case of bone metastases, better results were obtained with a high single dose than with lower doses given in single-fraction or with multifraction treatment (3-year local progression-free survival rates were 88%, 21% and 17% respectively) [18] . Stinauer and al. [15] reported better results for BED >100. Assuming the α/β ratio for RCC between 3 and 5, it means that the radiation dose should be higher than 3 x 8-10 Gy, which is quite often used in a clinical practice [24] , also in our center. Moreover, our results suggest that a cut-off point for BED of 100 Gy did not differentiate patients with better or worse treatment outcome. However if BED of 120 Gy or higher was used the local treatment effect was significantly better. It may indicate the application of radiation schedules of 3 x 12 Gy or higher or at least 22 Gy in one fraction. Of course, those are rough approximations assuming the validity of linear-quadratic model for SRT, which may be questionable. But the general impression is that an adequately high biological dose of irradiation should be used for "radioresistant" tumors like RCC.
So, our study indicates that extracranial tumors do not respond so well to the SRT as brain tumors (LC 70% vs 94%), and states the relationship between the radiation dose (BED) and better local response. Although, that latter relationship was probably influenced by a typical tendency in a SRT to treat smaller tumors with larger doses. Therefore, the dif-ference between the effect on brain and extracranial tumors may be due to the lower volume of metastatic lesions in the brain and also more uniform standards for brain stereotactic radiotherapy. It should be noted, however, that the volume effect in our analysis was not statistically significant. The worse results for extracranial metastases could be probably caused by a large volume of the metastases and suboptimal doses of radiation in some cases. Possibly also the SRT in the brain may be less prone to target positioning uncertainties, due to better and more precise treatment planning and positioning. We cannot exclude also some differences in an environmental influence of tumor location on the clinical behavior after SRT. We believe that smaller tumors which are suitable for delivering high radiation doses (BED ≥120) are still good candidates for extracranial SRT and may be alternative to surgery. In other cases which are medically fit, the surgical treatment would be preferable.
An interesting finding coming from our study was the important role of the interval between the diagnosis of metastasis and its treatment with SRT. With prolongation of that time the OS decreased. Such results were also reported by others [25] . It is difficult to explain, but probably too long interval may lead to the tumor enlargement influencing the possibility of delivering the adequate radiation dose. The secondary seeding or more aggressive tumor behavior with prolongation of that time may be also taken into account. It should be stressed, however, that the excessive prolongation of that interval was observed generally in patients given pre-SRT other treatment (palliative RT, systemic therapy). Some differences between cranial and extracranial SRT could be explained by a lesser influence of systemic treatment on the growth of cranial metastases than extracranial ones.
Nowadays, when the targeted therapy is commonly used, it is important to consider the role of the SRT as a part of the multi-disciplinary proceeding [14, 21] . The local treatment is important because efficient systemic therapy may improve the life expectancy even in disseminated disease. And some studies show a really good response and tolerance of SRT for brain metastases given together with chemotherapy (sunitynib/sorafenib) [14] . So, assuming the role of the interval to application of the SRT as discussed above, the early incorporation of SRT could be considered.
A limitation of this study is a relatively high percentage of lesions not being assessed radiologically (≈50%). However, this reflects the clinical reality outside the framework of a clinical trial, which was also observed in other studies, where the percentage of radiological assessment was about 60% [22] . Therefore, the evaluation of survival was undoubtedly a valuable complement to the present analysis that increased the credibility of this study.
Conclusions
Treatment of metastases from renal cell carcinoma with the SRT results in a good local response. The local control is better for brain metastases than extracranial ones. The local efficacy of the SRT seems to depend on the total dose of radiation. Multidisciplinary treatment and earlier application of the SRT appeared to improve the prognosis in patients with metastatic renal cell carcinoma.
